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Scanning Auger Microprobe Qualitative Analysis

langley Sample A6235Z4 _ -

Given system: SiC reinforced Al alloy.
Alloy 2124
Al Cu Mn Mg
by Wht. 93.5 4.4 0.6 1.5
The sample was cut and polished in the direction
of the extrusion.
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SEM appearance: fig. 1 shows a typical region of this sample. There is sufficient
relief in the surface to see clearly the SiC fibres and other features. The
axes of the S1iC fibres appear to be distributed fairly randomly around the sur-

face normal, There is a large variation in the size of the fibres.

Auger analysis: Fig. 2 shows some of the typical points of interest of Fig. 1.
Fig. 3-4% an Auger spectrum-—of the whole of this region and shows that the-major —

featﬁfi;lgte Al, Si, C and O. Point A in the center of the micrograph 15 a flat

region shown at a higher magnificazion in Fig. 4. Fig. 5 is the similar regiéﬁ

D. The Auger spectrum from these regions is shown in Fig. 6. This spectrum

shows that the features are Mg/Al with small amounts of C and O which are probably
surface contaminants. Some Si appears to be present but Cu and Mg are low to
undetectable. Point B in the middle right of the micrograph Fig. 2 is shcwn at
higher magnification in Fig. 7. The Auger spectrum from this feature shows it

to be a large SiC fibre near normal to the surface. Fig. 9 is an enlargerent

of the fibre/matrix boundary region on the left hand side of the fibre. The
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bright dotted line shows the position of an Auger line scan taken across this
boundary. The length of this line is 1.2u. The multiple Auger line‘

scan Fig. 10 is of Al 68eV, Si 90eV, C 264eV and O SGOeV. The line scan shows

that there is an Al oxide region ~1u wide between the Al matrix and the SiC
particle. This result might be significant but should be treated cautiously.

The topographic relief of the sample may cause some shadowing of the Argon

ion beam used for cleaning the sample. #However, the spectrum from this region is
very similar to that of point E which is certainly an Alz 3 particle because of ity
charging at low SEM voltages. This region and the spectrum are shown in Fig.

11 and 12. Ihexe are also Mg0 particles which similarly charge at low SEM

| v b e A - -
b - o

voltages. The stability of the beam position over the acquisition time ( 5 mins)
is not sufficient to discriminate against signal from adjacent regions but the
spectrum does show that there is no detectable accumulation of Cu, Mn, or Mg

at this boundary. Point C in the lower left hand side of micrograph Fig. 2 is
shown at greater magnification in Fig. 13. This is a flat region and from

the Auger spectrum in Fig. 12 is a Cu/Al alloy. Point F is shown enlarged in
‘Pi; 15 a-l-is a typical matrix region.. . Thculnger spectrum is shown in Fig..lﬁ‘

" This 1ndiiat¢s merely that the -nfilx is greatct than 90Z Al. Note that the —~

e :

low energy tail of theAAuger transition ‘18 much less than that of Fig. 12

showing that the oxygen is just a surface contaminant.

Conclusion: The sample has a very inhomogeneous distribution of constituents.
The minor constituents of the nominal Al alloy are not detected in the typic:
matrix, but are found in distinct regions. The Cu, Mn are segregated into -
10u sized particles that are binary Al alloys. Tbe Mg also segregates, but
into smaller particles that are Mg0. A boundary region between one SiC ' il

and the matrix was found and this region is A1203.

T weme i



FIG 1

FI1G 2



- I
posl avvl 7115 R Bved YIEe %)
RISLINLANL I U 0 I A R AR SR SR B S ﬁq_J;»u
4 i -
) L -
i
b /
“ 1169¢
‘1 814 30 “ B ;
8318 WOl1J wni3dadg ; -
| | ]
t§ 013 -
‘ v ,WL mmm\m
_ . . o
1 e Be]
123
o
1s {14 @ o
-4 4]
- Q.
v i1 Z0E2
> :
o N
§
- 9.0¢€
]
]
.
—— et e o o et e e e L mww-mm
b
) ‘




7
(&}
—
£

, spectrum Fig 6.

Mn/Al regions
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Large SiC particle
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Al1/SiC boundary.

FIG 9
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Cu/Al region

FIG 13
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FROM:
R.Efﬁwﬁing

NASA-Ames Rezezrch Cernter

1]

+

i o

(¥ K]

Mzil stor 2
Moffet Field
Ca 94833

TO:

Bill Brewer, NASA Langley

— — | mr—— e g e - — -

25 Nov 84 — -

Dear E1l1,
This is &n informal report of our work on your S5iC
in Alzizd specimens, I will let you judae from the results

whetrer to produce a farmal report or parer ard wvhat to put

a_l 1nto it. 1 would anyway in the cas!;of a tormal rgpa;t want‘*w
4—¥eftne%ude——VBUf—abseratacns;andQésammeats Aia—ln19£p£ei—whit——f AW;,,
is happering., 1 am writirg a paper on ore of the purely
techrnical microscopy probleme involved in aralysing such
svetems., I will let wyou have this as soorn as it completed as

it will give vou some more backaround to these results.

The three scecimens studied were all the ©.9¥5ir. hot rolled

specimens you sent me.

1) STND: Al2124 hot rolled to @.85in. thick with T6 temeer.



2) Te.e5: SiC in Al2124 hot rolled to @.05in, thick with 76

temper

3) F.e5: SiC in AlZ2124 hot rolled to @.05in. thick as

extrudged

The precaratiorn of the specimens and the experimertal

conditions are covered in appendix A,

The results of the investigation were not at all what we
expected to find, or what we were lookina for at the start of
the proiect. Sc I think it would be useful to summarize the
regative results first and ao ontoc the results that perhaps

are more mearirqtul,

The major neagative result is that no reaction zones between
the SiC “and!i¥hgj?§1loy matrix were -found. The spatial

resolution of the Augér techriique equals the resolution of

the beam @.iu, So this means that if any reaction products

remain in contact arourd the SiC then thev &re formed into &

zore ot less than this thickness, Further experimernts to
determine whether the remnants of 2z reaction zore still
sdhered tc the SiC wiskers after polishing were also
negative., As tre Auger technique samples orly 6-2¢ A, & very
thirn iayer, a strcn;ly adherernt reaction zore mightr be
expected tc be seen on top of some o0f the 8iC wisker

surfaces. No real evidence was found to suggest that ary SiC
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wiskers had adherent reactior z0nes greater than 0, 2u,
However becsuse of the firite resolutiorn of the beam, the
high noise in the measuremernt, ard the smsll size and

[

irreqular torc3o==t of the wiskers ] cannot say thz:e are no
adherert reaction products.They are just very unlikely. The
limit of the resolution and stability of the microscore was
reached in these experimerts for spectra so a statistical
method  was tried, As the size variation &and random
distribution of the wiskers would be expected to give some
. exposed areas of & reaction zone,and {f these areas were
greater than @.iu we might see them. Howeves --a statistical

method based or the cloge association of SiC and Mn Fe and Cu

did noct succeed in producing any positive result,

Trhe second mejor negative result was that there wa&s no
observable difference betweer the as extruded specimen F.@35

srd the artificially sqed speCimen TE.@5

o 2T o . PR e T ST

we did fird. It §{& irterestirg ¢tc note that the major
corclusion of this study was contained in the results of the
last report I sent vyou (Sept821, 1 had overlocked it until

now,

From our phore call of {9 April you pointed out that there
are two intermetallic Al precipitate phases we would expect
tc see. BEoth crecipitates cortain Cu ore phase with Fe &and

the octrer with Mr. In the stardard alloy without SiC (STND)

With what we didn‘t find out of the way I will start on what



this is pretty well exactly what we see, B8ee appendix C for
the experimental results on this specimer. In cortrast to
this, tre intermetallics we see in the alloys with SiC are
CusAdl and Mn/Fe/Si/Al, This 1ig our majior result. Ho
measureable trace of Fe is present in the CusAl phases found
in the ©&iC/Al2124 specimens . Apperndix 0 points out the
comparisorn in the spectrs between the Cu/Fe/Al of the STND
sllocr with the Cu/Al of the SiC/Alzi24 specimers. No other
intermetallic phases appeared to be present in the SiC/AlZ2iz4
specimens ie Al/C ect, But these may well have been missed in
the—geresal complexity -af the alloy/wisker system. There is
definitely a problem with these complex systems of
ideritificatior of small areasz, There ;}e s many small
festures to investigate to find & precipitate with a total

ar

i (]

a of say ©,1% mears testing hurdreds cof small featurez and

completeresz cf aralysis cannot be guaranteed.

Auge: imaging of the SleHIEiEl.Iimples was urder*aken fo

tindgibegxeactiongacn;sgbut AihlsgglnsteadAsbnﬁedgihat thegimggf

intermetallic precipitates were losely aszociated with the
SiC wiskers, The a&ssociation while rot strong is clear. In
some cases small intermetsllics were cbserved deccrating the
larger SiC wiskers, ofter rear the ends or sharp regicns of
the wiskers., In other cases larger iritermetallic precipitates
were fc nd in close proximity to one or more §iC wiskers or
betweer them. Areas that were free of GSiC were &lso
relatively srarse jn precipitates, GSeveral multiple Auger

images were taken Wio test ¢this &and these are showr in



formatior and rolling.

aprperdix B the resulte from 76,05,

o where are we now 7 We have different grecipitates in the
SiC/AlZ2124 ang the stendard allov, We have ro reaction zores
but there is some spatial corresecrdarce beweer trhe ancmalous
Si/fe bearing precipitatez and the SiC wiskers in the

reinforced allaoy,
Here I will indulge in some speculation

Would we be expected _t& see reaction zones anyway in the much —
rolled SiC/Allor specimens? Well rnot perfect ores but we
wouid expect to see the reaction products show up., Perhaps
rot at the SiC interfaces but rezr. Would we ther expect to
see ditferent interface effects between the F,953 ard the
T6.05 specimens? Perhzrs not if the reaction jis is largly

over beween the res#ctants and the SiC whiskers during

— — .t e - — ~

Trhe experimental coriclusions are trese:

¥ The addition of Si{C +¢20 the Al1Z124 alloy chanoges tre

intermetsllic precipitation behavour

XTwo intermetallic prhases have beer fournd in.the SiC/AlLZ21Z4
system., Ure intermetallic corteine Cu arnd A1 &nd therefore is

most likely Cublz., The nother intermetzllic containg MrFeSiAl,




¥No carbide phases were fournd, but the completeriess of the

arslveis is susrect.

¥No reaction products were tfournd adhereing to  any SicC
whigskers.
*There 1is & clear but not etrorg spatizl association of

irtermetallic precipitetion with the SiC,

¥The Té temper and the F &s extruded SiC/Al121Z24 systems were

indistinguisable in these experiments.

P F —_— o e

—

With these concluslions I will make the following

supEpositians:

¥1f there 1is no free Si in  the SiC ther tre SiC reacts with
the 2iz4 #lloy to form MnFeSiAl. The carbide products have

been missed or-sre too §wall for the microprobe, - -

-

¥If any reaction products are formed at the SiC to alloy
irnterfz-e, thern they are disperses by the effects of rot

rolling, both mechanical and diffusive.

*¥The reaction products if any, are not tightly bourd to tre

SiC and may well be mobile.

¥ The major interactiorn bewesen the SiC and the AlZiZ4 hae

beer comcleted before aging, but @ reaction during aging is




therefore & posibility,

If trheze cornclusions

ar.d suppoeitions have some validity then

there are two dercerdernt questicns that could be pozed

1) Are thesze conclusiors important.

2) Is it possible

to make & model srstem to follow the

reactior. more accurately, ie large wiskers not rolled,

et
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AFFENDI® A,

Specimer preparzation and experimertsl conditions.

A1l three seecimers were washed in alcohol far degreasing.
The specimernce were clearned in UHY using 3keY Araon iorz with
) total cleaning time equivalent to approximately 1264

removed.

A Ske', 3nk besm of ©.ilu size was used for the majority of

the experiments, The CMA resclutior used was (%,
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AFPENLI: B,
Results on T6.935, SiC in Al2124 with Te temper,

Fia Ei{ srhows & low msanitfication SEM image o0f a gererszl

specimer region, Mac 1K,

Several different regiors could be identified from their SEM
coritrast. SiC and Al and Mg cxides were most clear. The two
irntermetallic phases that were found were of similar contrast
and slightly lighter than the matrix, The intermetallics were
0t two distinct types and generally formed in well separated
regions of up to d6u in size.,-The spectrum from the MnFeSiAl
region 1is shown in fig BZ, further spectra from these 1two
reqions &re presented in ;ﬁpendix 0, the results from
Specimer. F.03, The spectrum fig BZ shows the overlap with the
Mr arg re peaks. It can be seern that two of the three Mn  and
Fe peaks overlap. With the noise in the measurement the Fe

was origcnally overiooked. From the results on this specimen

and the results on the F.03 specimen 1t carn bé Cxearxy seen

444441h1t thag£gghas Pt!i!{!ﬂiijlly EIE.AELICted with ¢t the Mr ard

Si.Thie is dicussed more fully in appendix [,

The two preciritate phases that were fournd apreared to be
8sscciated with ¢the 5iC fibere and a rew technique was
invernteas to confirm and display this association. The
techrnique of multi-spectra false color imaging allows the
MnFeSiAal, the CuAlZ2 and the BSiC to be imaged similtarecusly

in secarate colors. Brown for 8iC, purple for MnfFeziAl,

b1
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and,naturally, e@reern for Cu 4&l. Although the images 1in
certain areas srpear noisy, just single pixels appearing,
Where the prixels are green or purple these are generally
sigrniticant, In & large area scarn of the GSEM fig Bl it was
found that the areas of the precipitates were Cudl-3%,
MnFeSiAl-1% with SiC pbeing 26% of the area. This is just an
indication o0if the sreas and rot strictly planimetric. There
are several problems involved in this measurement. Some of

which will be covered in a later paper.

Eeveral false color images were takern over the area seen in
~the SEM fig B3, This is —the _segion seen- in.the mid.uprer.

right in SEM fig Bl. This is where there is a regior free -of .

510 wizkers. Figs B4 to Bi7 are false color images from this
region, the specific sites are indicated in a arid in fia B3.
The asscciation of the precipitates with the SiC can be seern
from trese figs. For exzample in fig B7 there is little S5iC
ard  very little pecipitate. Alternatively the large CuAl and

MrFeSiAl regions are associated with clumps of SiC see Tigs

Bie,Bi2. In _inmeg;expe;iments~—theé—bfoe%pitateS*were "f;;nd"ﬂ

éssocisgted inbetween two close SiC fibes or near the share

ends of fibers, but rnot in all cases.

b2



|

ﬁZ;g 13 JL

MrFe Si AL

—4.08
Sic/AL212 %

Fe

™~
(7]

Counts ‘g

1 F‘TY']UY'YF"'I]IVTVTTL‘".

. KE
|
I
|

2735¢

H

2596

H
/|l

LALERLIA
——

244! -1||11|1|l111111111]111441111[11111111111111111111

ee 480 s6e oV 640 ’ch 88b



cl

AFFENDIZ C,

Results on STNL, Alloy AlZ2i24 with To temper.

Fig (1 =zhows an SEM trom one ares on tris ssmple that showed

f

some larger precipitate areas., Tnese aress were identified by
their slightly different toroarachical reliet. The large
precipitates were found to be complex and composed of two
aress. Spectra from the two areas a&re shown in fig CZ2. These
prase areas uwere found to be the expected precipitates CufeAdl
&rid CuMnial, The CuFeAl phase spactrum A is the upper lirne of
fig Cz ard the CuMnAl phase spectrum B the lower., The
. precipitate aress were imaged wusing-false color imagine fig
C3. Tre pixel ster in fig C2 is {.Zu but the resclution of

trhe beam is iu. The image is 156u across., Fig C3 shows

@,
there 1is & wide distribution of precipitste sizes and the
laroe precipitates are firnely mixed regions of the two phases
Cufenl &rnd CuMnAl, The CurFeasl has beer imaged 1ir @areen, the

LuMrial in purele and trhe ochre pixél{:iie tre overlap betwwen

D e e——

the two precipitates. Only tws precipitates are believed to

PO

-exist, Trere are only 25 noisg”~pfxels in this image. That

mears the single, double and small multiple pixel groups are

gignificart ard rnot noise,

Beceuse of the fine spatial mixing of the ereciritates there
is some croblem in aqettina a spectrum from just one regior,
But it does armear from a compilation of many spectra that

the CuMrisl prase may well have a small amount of Fe,



Fig C4 is an expanded spectrum from the C(ufFeAl phase and can
be compared with the same region in the CuAlZ2 phase of the

results in appendix D.
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&FFEENDIx D,

Results orn F.e5, SiC ir Alloy Al12124 as extruded,

Fig D! shows arn SEM from one sres on this samrple. The overlay

m

irdicates the composition of the features., The spectrz from
the ©SiC ang tre preciritste regions are shown in figs
02,03,04. In fig Dg the SiC spectrum shows the distinct
features of the Si and C Auger transitions at 9@eV and ZcodeV
respectively. In fig D3 the Cu ard Al featuree can be seen
clearly, MHere the C ard O are probably just surface

corntamination. In figa D4 the MnFeSiAl phase shows up

well.Comparison of -the Si peak height-in this fig with the Si

in the SiC shows that the Si content 1is corsiderable. Again
the C and O are probably surtace contamirants, Compare the
Cual phase fia 03 with the spectrum from the STHND CureiAl in
fig (4, There is clearly littie if any Fe associsted with the

cuale,
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Interfacial layers in high-temperature-oxidized NiCrAl

L. A. Larson, R. Browning, and H. Poppa

NASA Ames Research Center, Moffett Field, California 94035

J. Smialek
NASA Lewis Research Center, Cleveland, Ohio 44135

(Received 24 September 1982; accepted 17 November 1982)

The oxide and diffusion layers produced in a Ni-14Cr-24A1 alloy by oxidation in air at 1180 °C
for 25 h have been studied using scanning Auger microscopy and ball cratering for depth
profiling. During cooling, following oxidation, the oxide layers formed by this alloy spalled
profusely. The remaining oxide was very thin (< 100 A) and was primarily Cr,O; with a trace of
Ni (although other oxides are possible). The underlaying metal substrate exhibited y/y" (Ni/
Ni,Al)and B (NiAl) phases; however, there was metallic interfacial layer at the surface. This layer
was similar to the bulk y/y’ phase, but slightly enriched in Cr and Al These data are compared to
electron microprobe results from a nominzlly identical alloy. The diffusion layer thickness is
modeled with a simple mass balance equation and compared to recent results on the diffusion

‘ process in NiCrAl alloys.
. — PACS numbers: 81.60.Bn, 82.80.Pv, 68.60. . +q, 79.20.Fv
""92: i m': - w :‘: 1‘,_—-:!» e e

AL INTW o s e .
The hxgh-tempetature oxidation resistance of MCrAl aﬂoys ,

e T B i

o

is the result of their ability to selectively oxidize Al to ALO,.
The high-temperature oxide phase a-Al,0, allows minimal
oxygen diffusion, thereby providing protection between the
metal and the environment.

It is generally agreed that the kinetics of formation of this
a-Al,O; layer involves primarily the inward diffusion of
oxygen, with the outward diffusion of Al, resulting in the
formation of A1203 at the ‘oxide-metat intufnce.' An O"

’

the composition of the oxide layer.® Alluyswqéh:lew

centration (4%—6%) do not develop sufficient Al flux from

the metal to form the protective Al,O, layer; instead, theless
protective oxides of the other alloying metals form. These
oxides allow further diffusion of oxygen into the alloy result-
ing in internal Al,O; precipitates.

The aluminium diffusion processes are particularly im-
portant for superalloy overlayer coatings. In this case, alu-
minum diffusion from the coating into the substrate metal
has been observed.* If the diffusivity of Alinto the substrate
s high, more Al may be lost to the substrate than is used in
oxide overlayer development. As this r&servoxr is depleted,

the coating may not be able'to supply sufficient Al for ALLO; ™ ge;

formation, and the coating will not provide oxidation protec-
tion.
Diffusion of Al to the oxide-metal interface implies the

__ depletion of Alin the bulk metal. This takes place in the form

of a depletion zone in the near-surface region metal.® This is

~ apparent in metallographical sections after severe expo-

- sures.® It is the purpose of this paper to point out this diffu-
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sion zoney-the attendant changes in composition, and the.
utility of Auger electron spectroscopy combined with ball

" cratering for this type of depth analysis. ’
Il. EXPERIMENTAL

Buttons were made from Ni 270 sheet, iodide Cr, and Al
shot (all 99.99% pure) by melting in a tungsten electrode arc.
Samples approximately 5X 51 mm thick were cut by a
diamond wafering wheel. After annealing in Ar for 24 h at
1100 °C, they were metallographically polished and cleaned.
Ox:datmnm air was carried out at 1180 °C in an FeCrAlY

| deep mto the base metal for Auger dcpth-preﬁlmg analysxs
Ball-cratering is a method of polishing a spherical indenta-
tion into the sample. In this case, a 5/8 in. sphere was used

-~with 1-um diamond paste. The spherical section formed by

- the ball cratering was 2.2 mm in diameter and approximately
65 um deep. Stylus profilometer measurements of the crater
thus formed were in good agreement with the geometrical
depth estimates. Following cratering treatment, the sample
was transferred to the Auger microprobe for analysis.

The Auger observations were made using a 30-nm-diam
beam of electrons with 5 kV energy in the microprobe de-
scribed previously by Todd ez al.” The microprobe was oper-
ated under computer control to obtain selected point spectra’
as well as scanning Auger micrographs with high lateral re-
solution. Overall surface contamination was removed by Ar

~ jon bombardment at 3 kV and ~ 1 uA/cm>.
1. RESULTS — - -

An oblique view of the edge of the ball crater in the Ni-
CrAl sample is shown in Fig. 1. The oxide surface formed

© 1983 American Vacuum Society 1029
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F1G 1. SEM image of the oxidation layers in the ball-cratered NiCrAl alloy.
(a) Oxide surface, {b} ¥/ phase bulk metal, (c} 8 phase bulk metal, and (d)
interface zone (y phase).

e N

: 'and B phaswof the bulk NICFA] are visible as regions with

* slightly different contrast, these are labeled (b} and (c), re--

spectively. The diffusion-zone is the near-surface area in
which no phases are distinguished, labeled (d) ’

A. Bulk phases

The compositions of the thermodynamxc phases of the
bulk NiCrAl alloy are well known®® and are presented in
Table I along with the results from this study, This is a two-

-

mm,thc Yy -

,-Mwmmwmmwr mnw :

Kahn; Lowell, and Bnmt" indicates thefabout 3. Fab-
- A1,05 should form during the 25 h oxidatioh.” Isnmmf

The compositions obtained in this study are the averages
of ~25 Auger spectra from each type of area. The individual
spectra were analyzed using sensitivity factors obtained
from elemental spectra taken on the same machine under
identical conditions, then self-normalized and averaged as a
group. The error reported is 1 rms deviation of that average.
The results reported in Table I are in good agreement with
the electron microprobe results listed in the same table. The
deviations observed in the S phase compositions can easily
arise from slightly different histories of nominally identical
samples.

It should be noted that an appreciable carbon contamina-
tion {on the order of 10%) was observed on all metal surfaces
in the form of a carbide-type peak. However, Musket ez al.
have observed in a review article that Ar ion cleaning is not
sufficient to remove residual C from Ni- and Fe-based met-
als.® Furthermore, it has been shown in this laboratory that
these C signals are a preparation artifact of the Ar ion clean-
ing.'® The carbon signal was removed from the reported data
as part of the normalization procedure.

B. Oxide layers . h ' -
Pure NiCrAl formsa ps protectwe ALO, layer durmg ox;da-

Al,0, of approximately that thickness were observed scat-
tered over the sample. The general oxide left in the spalled
areas was a mixture of Cr and Ni oxides. A representative
Auger spectrum of this residual oxide is shown in Fig. 2. This
oxide was very thin; it was removed within 30 min of Ar ion
cleaning (~ 1 gA/cm?, 3 kV). Analysis of a limited number
of Auger spectra indicated that the composition is

1-—vl_l;4;t30% Cr= 3343;13% and

too small to be resolved in this study.®

TABLE 1. Metal compositions (at. %).

Ni Cr Al
Nominal 612 15.3 235
B phase a 59.8 1.1 29.1
b 582421 84410 333423
y7y philie 629 .- = 1 150 .7
b 636415 220413 146+ 1.6
Diffusion b 595417 247406 15.6 + 1.5

zone (y phase)

*Electron microprobe analysis of nominally identical samplics, average of
50-100 spectra, from Ref. 8.
This study.
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would be expected from subsurface Ni.!! Therefore, mono-
layer amounts of continuous Cr,O, over the base metal are
not as likely. Other oxides such as 80% NiCr,0, + 20%
Cr;0; and 20% NiO -+ 80% Cr,0; (all of which are known

oxide species for this kind of alloy) are possible but do not fit

the data as well.

C. Interface layer

As noted previously, the Al necessary for forming the
Al,O, layer is supplied by the base metal. This results in the
formation of an Al depletion zone in the near-surface metal
with respect to the nominal alloy. The compositional differ-
ence is also very clearly delineated in the chromium scanning
Auger micrograph of Fig. 3 as the region with little contrast
as compared to the bulk phases. A correlation between the
micrographs and the known geometry of the ball crater indi-
cates that the depth of this zone is 12.5 um. The average
composition of this zone is shown in Table I, in addition to

- the bulk phases. In comparison to the bulk 7/’ phase, this
layer is enriched in Cr but contains about the same Al. The

most striking féature of this zone is thé Tosiiplete Tack of §# -

metal (light regions in Fig. 1, dark regions in Fig. 3). -
R ;™ mﬁu%&nmm&mvﬂﬁﬁwm zone
wﬁmﬂataumformdcpthmund&mumfmceof

i crater. Spectra taken near the £ phase/diffusion zone
-~ imterface were consistent with the average values for the par-
ticular metal. Similarly, no diffusion gradients in composi-
. tion were observed to within approximately 3% error. The
* uniform composition observed for this interface is indicative
that ¥ phase metal has been formed® from the decomposmon

- -of the nominal y/y’-8 alloy.

= IV DISCUSSION

1031

- -
ts- 50um ——i
Fi16 3. Chromium Auger image of the crater edge. (a) Oxide surface, (b)
interface layer, and (c) bulk phases.

zone As a sxgmﬁcant amount of N1 oxlde is not observed

“TXturing the oxidation process, itisimplied that the bulk metal -

secxes as a sink for the back diffusion of Ni during oxidation.
However, the corresponding Ni accumulation in the bulk
was not observed.

- A study of solute transport during the cyclic oxidation of
NiCrAl alloys has been recently reported by Nesbitt.? In this
work, diffusion coefficients were experimentally determined
for Zr-doped NiCrAl alloys. These results were then utilized
in a numerical model to predict y layer thickness, the con-
g;ntration/ distance pmﬁles, and the weight of Al con-

mdmetmlmdmembuhuom There is excellent -
lﬁumthctmﬁaunscdaﬂatmnsandtherwuhsre- S

bined with the thinness {€100 A) of the Cr,0, imply that the
spalling occurred primarily during cool down.. -

A relatively simple model can be proposed which de-
scribes the diffusion/oxidation results for this sample. Inter-
polation of the data from Kahn, Lowell, and Barrett® leads
to an AlO, thickness of 3.8 um (from a parabolic scaling
constant of k, = 0.02 mg’cm ~*h ') formed during the 25-h
oxidation at 1 180 °C. A mass balance equation can be writ-
ten requiring the initial bulk metal (Auger data) to form
Al,O; and the observed ¥ phase interface metal. Solving the
equations for the Al and Cr constituents leads to the predic-

zone are shown to be less than 2% whxch is inside the error
expected in this work.

One example of lsotherma.l oxidation {used in this work)
was given in Nesbitt’s® report. His results from this sampling
support the comparative differences between these works.
These differences are a significantly smaller ¥ phase inter-
face width, minimal diffusion gradients, and a slight increase
of the Al concentration of the interface metal for isothermal-
ly oxidized samples in comparison to cyclic oxidation. All of
these effects are due to the oxide spalling that occurs during

A% “~thon thatthe interfaceis 12.5 um-in depth, which is irescel - -cyclic oxidation. Spalting of the protective AL,O, layerleads -

83 ~ jent agreement with the observed 12.5 um depth. Using the  to an increase of the average oxidation rate as a new protec-
nominal composition of the original alloy leads to an inter-  tive layer is formed. This necessarily increases the demand
face thickness of 13.1 um which is comparable to the ob-  for Al, resulting in increased ¥ layer widths, and larger diffu-

- .served value. Implicit in this calculation is the assumption  sion gradients. For isothermal oxidation of up to 1000 h,

w7 " that the Cr content of the original metal is retained in the y = Nesbitt found a significant decrease in y layer width in com-

o= phase interfacial region. The Ni component of the original  parison to cyclically oxidized samples, and nearly flat diffu-

| ‘metal does not balance with that retained in the interfacial  sion gradients in the y phase interface layer.
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V. CONCLUSIONS

The utility of Auger electron spectroscopy combined with
ball cratering for depth analysis has been demonstrated. It
should be noted that systems with less spatial resolution
could be equally effective for the analysis of diffusion layers
through utilization of this technique.

The agreement between the Auger results and published
data from electron microprobe analysis is good and supports
the effectiveness of AES as a quantitative analysis technique.
In addition, a very thin Cr rich scale was observed that
formed after the Al,O, spalled off at some intermediate tem-
perature during cooling.
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